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MULTICOLOR DISPLAY DEVICES 



:he Invent icn 



mveniicn relates to display devices, ana 



art icuiar i- 



'lucrescen' 



;olcr display devices navmg 
;ited by ]et printing. 



Rac kg round 



invention 



lispdav devices utilizing fluorescent media capable 
of absorbing Light and emitting it at a longer wavelength 
are known. See, e.g., U.S. Patent Mo, 5,294,370 to Tang 
et al., entitled ''Organic Electroluminescent Multicolor 
Image Zusplay levice," the entire aisclcsure if which is 
hereby' incorporated by reference. However, the 



)r:-^szent: m.edia m such devices 



deposited using 



patterning techniques such as photolithography which are 
costly to' perform.. Hence, there exists a need for a 
method by which fluorescent media can be inexpensively 
and accurately deposited on a substrate to produce a 
m.ultisolor display device. 



irrir.ar'/ of one Inventi'^ 



ievices, each lompris 
lepositea moi the su' 
: u r t r. e r includes me t n 



uisp^ay 
f 1 u C' r e s c e n t dye 



.tion 15 aire c tea 
.ng a sucst rate an 
:strate. Tne present invention 
;as of maninci such display devices 



^ k7 t 




preser.tly used. 

iTi one emr C'di merit: jf tne c^resent invention, red, 
green and/or blue fluorescent dyes are ink net printed 
onto a transparent suDStrate to create an imag-- wLth a 
0 redeoerTLined oi n f i gu r a 1 1 ?n . The :hus-createi irr.aje is 
tnereafter exposed to ultraviolet or other short 

^--T-- -,q-:a-ion to activate the dyes and :reaoe a 

splay IS ^^passive^' m 
:n the as-crinted 

present invention, red, 
oreen anu/c^r clue r^uoresreno ayes are again ink jet 
printed :n a predetermined configuration onto a 
transparent suhstrate. A layer of transparent, 
o.:)nductive material is then deposited over the dyes. A 
layer of organic, h lue light emitting device ihjBLED) is 
tnereafter deposited over tne layer of transparent 
-Dniuctive material, anl a oondu^tive layer is deposited 
:ver the ::)3LED laver. Applicatitn of a potential across 
the conductive layers illuminates the DBLED layer, 
producing a blue em.issiDn, which stimulates fluorescent 
emission -^n the dyes, so long as the energy of the blue 
emission is greater than the emission of the dyes. 

In another emjoodim.ent of the present invention, red, 
green and blue light emitting regions are ink ]et printed 
m a crede term.med oonf igur at ion onto a transparent 



>^ i n ^ 



re 13 : ixe' 



oo^n 



^or "isp^ 
nat tne i: 
: 1 ^ur at ion . 

In another embodiment of the 



: 1 1 e *: h e red ana j r e e n 
^ r -9 r -9 G 3 n d j r 6 e r. 



r e q 1 o : - ^ 



:ran scare n: 



regions are ^e^^ a:- -...^-^ -^^=1^- 
fluorescent dyes are prmoea. 
dyes are pointed, a ^ayer cr or 
rraoerial is aer^osioea iver one 

layer or organic, blue ligno eniotmg device 
ohereafter aepcsioed into one layer 
ccnsiucoive rr.aterial . Electrical contacts are then placed 
on the C'BLED m eacn if tne red, green and clue lignt 
emitting regions, to racilitate tne appli ration or 
CO: ^t age across _ne ^r^-^r.^ . ^..^ ^^■^^^^■^-^ - 

^ itu s s 1 1 n 1 n one clue L i c h o e rru 1 1 1 n j regions, a n u i i ^ n ^ r , 

:reaoing a luoimcus oc^or 
le red and green dyes 
1 the clue, and 



eg.: 



: e I" e r 



.ignt err^iotmc 
aisplay. In this eroc; 
rreferarly hao^e strong absorption 



referat'l*/ further nave high r^lue-t' 
:reen cc nvers i c^n efficiencies. 



■red and buue-tc 



I: 



urther enuo- 



diment of the present mventicn, 



red, green ana blue light emitting regions are i 
rrinted m the form of pixels onto a transparent 
sucstrate. Each pixel has cne of earh o^ 



nk ^ et 



c ^ue 1 1 g 
made m a o 
primary difference cei 
cf the fourth emdrcdim.e 



eaion . 



emC' o u 1 me I 



to the third embodiment, the 
that the light emitting region; 
are arranged m tri-cclor pixe. 



whereas the light em.ittmg regions it tne tnira 
embodiment are arranged m some prede term.med 
configuration . 

The o 1 s c 1 a v s of 0 h e c r e s e n t i n v e n 1 1 1 n can c ^ 
a wide variet'/ ir proaucts mc^ 



1 a r 0 e area w' a 1 1 , 



' o ^ ^ 




3rief 2eszrir:z:^zr: of zhe ^rawmqs 

Figure 1 is a crcss-se^tioriai view of a muiticoior 
display device, according to a first embodiment of the 
1 n V e n 1 1 C' n , 

F i cru r e 2 is a c r s s - s e c 1 1 c n a i view f a mu 1 1 1 c o 1 c r 
display device, according to a second emhodiment cf the 



letailea Description of the Invention 

The present invention is directed to the 
construction of hign resolution, full-color displays 
using printing t echnc; 1 ogi es that deliver small amounts of 
Liquid inks to a substrate m a specified pattern 
.referred t herein as ''ink " e t r i n t i n g ■ . 

The liquid inks cf the present invention preferably 
comprise selected flucrescent dyes and a host matrix m a 
Liauid carrier medium. The liquid carrier medium is 
pieferahly water, an alconol sucn as methanol, ethanol, 
ir isorroDanol, or mixtures of the same. The particular 
carrier medium is typically selected based in its ability 
to molecularly disperse the fluorescent dyes and on its 
co^mpat ibi 1 1 1 y with the particular materials with which it 
comes into contact. 

T h e amLC^ u n t of host matrix is ordinarily selected to 
'/lelo a viscositv ccmpatible with the ink jet printma 
c r 0 c e 5 s ana c r e i e r a b 1 '/ ranees l r o m about 2 to about 
• . ■ - o ~ ^ . . - i. ' / e 1 e i e t e 'd s no n that 1 1 i s 



rrererrea 2r:icunt5 cr aye range rrcr; accur zc acou:: c 

w t -^5 of the n^.a t: r 1 X . 

In general/ liquid inr.cs of the present invention 
c:ontain tne cr z'.cre dyes that fluoresce m red/ green cr 
clue, wnion are used to generate a luminescent region cf 
the appropriate hue. The color of the luminescent region 
is dictated cy tne fluorestence energy of the dye and the 
relative propcrtii^ns of the same. The dyes are 
preferat'ly chosen to cptimize the saturation {i.e., 
narrcw lines at ahout 460, 521 and 650 nm for blue, green 
ano red, respectively:, giving a wide color range for the 
devices to be manufactured. 

Preferred dyes with predominantly blue emission 
include; 8-anili no -1-napthalene sulfonic acid, 

1. 3- diphenyl- 1 , 3-butadiene, diphenylhexatr lene, 
Hoescht 33258, Hoescht 33324, thioflavm T, 
diamidino-2-phenylindole*2HCL, coumarin 152, coumarin 20, 
coumarm 2, coumarin 339, coumarin I, coumarin 138, 
coumarin 102, ccamarin 2 14, and coumarin 30. 

Preferred dyes with predominantly green emission 
include: acriiine orange, acridine yellow, acriflavin, 
di shlcrof lucres cene, 3 , 6-di ami noacr i dine , 
f lucre scene! 5 ithiccyanate, lucifer yellcw, 
qu:.nacrinernoiamine 12 3, qum aor idc ne , 
dimethyl qui ano ride ne , f lucres cene , rhodamine 110, 
rhcdam.ine 6G, and coum.arin 6. 

Preferred dyes with predominantly red emission 
include: xylenol i-range, lumcgen red, cresyl violet, 
diethyl thiacarbocyanme, ethidium tromiue, cxazme I'^O, 
nile clue, ixacme 1, 1 , 3 -i: i s ; 4 - . dimethy lammo pheny 1 ^ - 

2. 4- dihydroxycyclocutenediyl lum, and 

2 -hydr ox yp hen y 1 ^ - 2 , 4 - ci ny dr oxy lyc locut enedi y 1 Lum . 

In me emciciment, the liquid inks if tne present 
mventicn are claced mti the wells if an iuk ^et 



ratics accr: 



criaie zz '/lela z'ze zzlzrs of zhe desire: 



sir.az:^ .-o^ecu^es ohat readily form stable glassy thin 



i-iage at the resolution if toe printer :oon::non^y 
::ri . Al o e r r a 1 1 ve 1 */ , ^reen, clue and red griupmgs are 
aeccsited o i de-h s i de as lodiviaual pixels of a rul^ 
oclor aisplav. The toii-iness if the deposited dye layer 
will be adjusted to optirrMze lummesoent intensity. 

The presently preferred ink jet printing device is 
an Epson Stylus Color 500. While available in a printer, 
a preferred embodiment of the invention involves the use 
of a stylus within a plotter. Although more expensive, a 
plotter improves operation by increasing precision, 
reducing indexing difficulties (e.g., in the event 
multiple layers are deposited) and providing nonlinear 
features (such as interconnects) . 

The host o^.atrix for the fluorescent dyes of the 
mo-^ention can oomprise either polyir.eric materials or 
?s th< 

riln^.s. Examples of oc I'yrr.er ic matrix materials include: 
pc lyTT.ethylmethaorylate, polyvmylcarbazole , 
polybutadiene, ana polyesters. P^si example of a small 
mc leoule is N ' -dipnenyl-N, bis ■ 3-me thy 1 phenyl j - 1 , 1 ' - 
o:pnenyl-4 , 4 ' - iiamme . This ^s a good glass firming 
material that oan be ^sed as a hole transpcrter m l^:i- 
and r.as its m.axim.um absorption m the 1-/ p^art of tne 
soeotrum..* The ohoioe of m.atrix m.aterials wiLl depena, 
am.ong other tnmgs, m the stability of the different 
materials under printing conditions, their ability to 
oransm.it the ultraviolet light that is used to fluoresc 
e d'/es as well as tne lignt produced by the dyes, an; 
eir acilit'.' ii resist cnase separatim and stabilize 

Tne wave-enotn :: f tne radiation used to fluoresie 
.e o'/es IS oreferabl'i o.axim.iied to reduce its energy 
--^--c: ^-ndeno'/ ti oearade the disc lay ' , cut o.u 



usually m zr.e clue zz near-1 / range. 

T:^e sucstra-ie sriculu ce uiT.er-5 i cr.ed 5urh zr.az zz z 

crmting aevice ana should e f f i u len:: 1 y transrr^it 
ul ::raviole:: radiation, visible raaiarion zr both, 
uependmg on one application. The substrate preferably 
transniits visible ana near ultraviolet raaiation, wni.e 
tiltering out nigher energy ultraviolet radiaticn. 
^•reterrea .^.aterials are flexible p^oLyester ana g^ass 

-uoh as I'/rex"', v;itn glass being more preferred 
t s 1 1 Vv' : X '/ a e n c e r n. e a b 1 1 1 1 y . 



aue 



z u 1 m e n t 



1 n Figure 1 . In this e r?jz- o d i me n t , a 1 um.i no us s c ^ r 
display (10) is maae by ink jet printing regicns of 
fluorestent dye (11) onto the front surface of a 
substrate (12), The fr:nt surface of substrate (12) is 
thereafter exposed to blue or UV radiation, thus 
stimulating fluorescent emission of dye (11). The color 

^ the dve reaic^n uoo^n exoosure can be contro'lled ty 
varvmg the relative ?.m.ount5 of red, green ana blue aye 
m the region. Suiostrat- (12) should t^e transparent tc 
-he cclors produced ny ^.ne excited dye (11), while 
preferably filtering out any hign energy 'JV radiation. 

The dye can also ce illuminated from tne rear 
surface, with the substrate separating the dye from tne 
radiation source. In this case, the substrate should be 



ransparent to the wave^engtns 



;f the blue and/or 



ultraviolet 
f 1 1 1 e r 1 n a o " 



heat -xcite the aye, whole prerera: 



; . I r. t n 1 s case, c n e ^ a y e r s - 
. e >; e r ant tne 1 1 n e r separates 



;:i ^ 



' ; iCi V- c; 



.ne aye 



aecosirea 



5ucn a; 



' :^ _ ^ . - o 



tLzr.er cf ^nese ^ayers. 

; e f the c 1 u e - u 1 1 r a v i 3 1 e t: radiation is o t 
■ exa.T.ple/ it ran ce a conventional source 
rescent tube ^e.g., a "black light"). As 
another example, the scuroe can be a simple device such 
as a planar C;BLED layer sandwiched between two planar 
tcnductoi layers :one of wnich is transparent to the 
illumination radiation: . A more elaborate version ot 
suoh a devioe e.g., one lon^aining maividual elestrica. 

region. :s oiscussed m detail 
r 1 f t h e r a u 1 a 1 1 1 n em. 1 1 1 e d 
cv "ne source snould be snorter tnan tne snortest 
wavelength of light em.itted by the dye. 

The aisc-lay of Figure 1 is ''passive" m that it is 
lim.ited to the printed configuration, and individual 
or m ted regions of fluc^ re scent dye are nO't individually 
1 1 Lum.mated . One advantaige of this device is that no 
individual electrical connections are needed for each 
region . 

Adaitional emX'Odim.ent s of the device structure of 
the crese.-t invention are constructed based on the 
ar r anaem.en t s shown m Figure 2. In these emb'odim.en t s , 
red and green fluorescent dyes (21) are in;< ^et printed 
onto a transparent substrate (22) such as glass; a 
transparent, conductive layer (23) is deposited over the 
red and green dye; an organic blue light emitting device 



layer (24) 



deposited over the transparent, 
electrioal ocntacts (25) are 



. ^ , e I . 



(23) 1 



'an scare nt, cor 
Ine desirai 



: e r 0 ; 



cemg transparent to vistcle 



ravit^et raaiaticn, wni^e 
and near-ultra violet 
radiaticn. 

ta'/er (23) tan ce itrT.ed cy rr.eans it zcnventicnal 
5 n u 1 1 e r 1 n g t r e 1 e 1 1 r t n b e aT. v a c c r ie p t s 1 1 1 o n f.e t h C' d 5 , a n :i 
typically ranges m thitkness frtm about 1000 t3 about 
4000 A. Below a certain thickness the resistance of the 
layer will begin to suffer, while abDve a certain 
tnicKness marginal utility becimes negligible. The 
deccisition of layer (23) is preferably conducted unoer 



After concuctive layer (23) is deposited, O^BLEl 
" (24) IS oreferab l'/ cer es i ted by therrr.al e^'aporati; 
;d5 to a tnic<ness wnich is o^ften 4 11-llOOA, 



. ne 



t^ltirtate tnickness will lepend upon the OBLED. 



r' r e f e r ab 1 y / t n is t n i c k n e s s w i x 



oe as tnin as ocssicle 



l:::wer the voltage of the device, without significantly 
compromising guantum efficiency. The deposition of laye^ 
(24) IS preferably conducted under vacu'uir.. It is 
t^referred that the device nO't be exposed to moisture, 
cxvaen or other con tamLi nan ts betw^een the depots it ion of 
layers (23) ana (24) . 

03 LED la\'er (24) is m.aoe fro*m. any suitable blue 
1 ight-em.issive organic compounas such as, for exam.ple, 
m.etal bi^d^ntate ligand complexes, and aromatic and 
het ero) tycl ic pjclytners, as neremafter described. 

As seen m ?oT International PuDlication N^imber WO 
9c/19'792 entitled "Multicolor Organic Light Em.ittmg 
Levices,'' the disclosure cf which is hereby incDrp:o rated 
c'/ reference 



: h e m.e t a 1 b i d e n t a t e c o m.c 1 e x e s wh i t h 



: a v t ' 



. a ve r 



M 



(24) have the formiula MLLy wherein x 
rivalent metals cf Groups 3-13 of the 
a n u L a n t n a n 1 d e s . The preferred m.e t a 1 
IrO" ana Ot' . 1 is a cidentate ligand 



::R-R 



as 2-piC3lyl>etc:nes, 2-qui- aldyl /:g- tcnes and 2- : 
ohenoxv; cvridir.e Ketones. The prererred groups 
molude aoeoylaoetonate; ocmpounds of the formula 
wherein R' is seleotea from Si and Z, and R is seieoted 
mm hvdr: gen, substituted and unsubs 1 1 tut ed a^KVi, arv 
and neterc' ::y S.1 lo groups; 3,5-di;t-bu) phenol; 2,6-diit- 
nu) phenol; 2,6-dift-bu: oresol; and H3pZ;. 3y way of 
example, the wavelength resulting from measurement of 
p ho tolummes senoe m the solid state of aluminum 

C'lso^l^/metnyl Ketone) bis ; 2 , 6- di : t-bu ) phenoxide] is 
4-Onm. The sresc'l derivative of this compound also 
, ^ ^ ■■; " ^ ^ ' um n u"^ r ■ 1 o ~: 1 '/ L m^e t h v 1 k e t ;i n e ) bis 
^ ^ ^ um : 4 - me t no X V 



me a; 



anu sea: 



1 CO 1 y Ime thy 1 ke tone ; ci. 
m, while aluminum [2 
i^.t-C'u; phenoxidej 



: aoe 0 y I a^te 1 1 na t e I each m.easureu 4 3 
o:-phenoxy pyridine; bis \1 , ^- 
m.easured 4 E-'^^nmc . 

PoL-ym.ers of aromatic and heterocyclic compounds 
which are fluorescent m the solid state may be used for 
layer (24). Exarriples cf such pol'ymers include 
p-: ly :pheny lone ) , and pc 1 y { N- vmy Icarbazo le ) . 

Additi':nal CLE!' materials are known m the art isee, 
e.g., T.3. ratent Nc . r, 2 94 ,o'^2 to Tang et al,, entitlea 
't: raani z ElectrolumLinescent MulticC'lor Im^age Display 
T'evice"; Hcsokawa et al . , ''Highly efficient blue 
e le ttro I'um.mescence from a dis tyrylarylene emitting laye: 
with a new :iopant," AdpI . Fhy-s . Lett . , oT (26^ 25 
Z^ecembier 1??5, pp. :'352-3852; Adachi et al . , ''Blue light- 
emitting crjanic electroluminescent devices,'' Appl . Phys 

(9) 26 February 1990, pp. T99-301; Burrows et 



.nan ^e 



-gams Tight 



mj 



ting Devices, 



e 1 1 . / Vo^ 1 . c9, 11 NO'Vemjoer 1996, pp. 2959- 
2961' . The entire disclosures of these references are 
hereby mcirporated by reference. 

T 1 s t V r \' 1 a r v 1 e n e u e r 1 1' a 1 1 ve s such as those de s o r i b - 
Hcsokawa et al. are a creferred slass of co m.p o un d s . 



other creferred 3L£0s are descriced m tr.e copenair.g 
applications discussed C ' e ^ c 'v^' . 

The decositicn cf electrical contacts (25) rr.ay be 
acccciplisned by vapor decosicion or other suitable c^etal 
depositisn techniques, A preferred .T.ethcd of depositing 
sucn contacts is by mk jet printing as disclosed, for 
example, m U.S. Patent Nos. 4,668,533, 5,132,248 and 

, zee , udS , the disclosures of which are hereby 
mscrporated by reference m their entireties. These 
electrical c^ntatts may be made from mdi^um., platinum,, 
g :) L d , s 1 1 o^e r or :: ot^jz- i n a t i o n s such as T i P t / Au , C r /' Au o r 
Mg.uAg. Mg^'A? contacts are preferred. 

Tne embiaiments oiscussed above m scnnection with 
Figure 2 have substantially tne same device structure, 
the c;rim.ary cifference being that the light emitting 
regic^ns of one emh'Odim.ent are arranged m pixels, and is 
therefore useful for creating active displays such as 
fiat-screen monitors and the like. In comparison, the 
liaht emitting regions O' f the other emb)odiment are 
arranged m som.e predetermined configuration. This 
eml::cdiment is therefore compatible with ''writing" special 
purpose Logos, alpha num.erics, segm.ental displays using 

green and blue regions as cescribed abo^ve, or m.ixmg 
arrropriate am.ounts of rea, green and blue m a given 
region to achieve a special color for that part of the 
display. 

In view of the above, it can be seen that the 
display devices of the present invention are appropriate 
f:r an extremely wide variety of applications including 
O' 1 1 1 b o a r d s and s i j n s , c o m.p u t e r m.o n 1 1 o r s , 
te lecimmunicat 1 jns devices such as telepnones, 
televisions, large area wall screens, tneater szr^er.s ana 

The subject invention as disclosed herein may be 
used in conjunction with the subject matter of co-pending 



• 



applications "High Reliability, High Efficiency, 
Integratable Organic Light Emitting Devices and Methods 
of Producing Same", Attorney Docket No. 10020/1; "Novel 
Materials for Multicolor LED's", Attorney Docket No. 
10020/2; "Electron Transporting and Light Emitting Layers 
Based on Organic Free Radicals", Attorney Docket No. 
10020/3; "Red-Emitting Organic Light Emitting Devices 
(LED's)" Attorney Docket No. 10020/5; and "High Efficiency 
Organic Light Emitting Device Structures,'^ Attorney Docket 
No. 10020/7; each co-pending application being filed on 
even date herewith, and each being herein incorporated by 
reference in its entirety. The subject invention as 
disclosed herein may also be used in conjunction with the 
subject matter of co-pending applications U.S. Serial 
Nos. OS/354, 6 74; 0 8/613, 207; 08/632, 316; 08/632, 322; 
08/693,359; 60/010,013; and 60/024,001; and each is also 
herein incorporated by reference in its entirety. 

The foi:.cwing Exaraples are merely illustrative of 
tihe present mvention and are m no way intended to iirp.i^ 
the 5 c c c e if 1 h e c r e s e n t i n v e n 1 1 o n . 

Exan^x le 1 : Generating a passive picture to be c^ack lit 



I ^ "■ r d e r to c r m i a fluorescent ^ ma g e or pixel a r r a i' 
with an ink ^ei crmter or other ink delivery system, the 
inks are first c r e c a r e d 1 1 m. a o o h the o p 1 1 m.a 1 viscosity 
and otner solution properties of the chosen printer. 
These inKS consist of a carrier solvent, roughly l-i: 
weight ^ matrix material ano :.:Cil - 'J-lo weight ^ 
f 1 1: 1 r e s o e n t 'i e . 1 h e a '/ e is o h c s e n to a o h i e e a a e s i r e a 

0 e c r 1 o t e r ^ r e i h a r .": e a \< ion the r e a , a r e e n and blue 

- -- ^ ^ • — e 15 r r ^ n 0 - 1 a i r e o 1 1 '/ onto a col imr.e r i o : r 



• 



glass 5-„.c5tra-e. The inks are -ixed by t-e in> let 
: cixel , if r.eeaed tc achieve "r.e 
.~-r. The cricrhtness at each pixel is 
— - - ^ e ^ c c a 1 a.TC u 1 z t i rh-<: a e c c s 1 1: e d a i 

irradianng lig-t pass -hrough -he film giving very 
litcle visible light. A larger amount cf mk deposited 
will give a significant abscrbance and thus a relatively 
larger amount cf visible li?ht from dye fluorescence. 
The colcr of eacn pixel is strictly determined by tne 
rat ICS cf the moividual reu, green and blue inKS. 



Example 1 . leneratmg a passive picture caoK ..i_ /..^.^ 



To orint a fluorescent image or pixel array with an 
irl.< ^et printer or other ink delivery system, the inks 
are first o-repiared to m.atch the optimal viscosity and 
other solutiC'n properties cf the chosen printer. These 
inks consist of a carrier sclvent, roughly 1-10 weight r 
matrix material and 1.1 j1 - l.Jl weight ; fluorescent 
C'/e. The dye is chosen to achieve a uesired hue 
■t/picallv red, green or blue; and tne matrix material is 
chosen to give a stable film which supports the dyes and 
prevents aggregaticn. The three wells of the printer are 
charged with the red, ^reen and blue inks. The image is 
printed directly onto a pclv^.eric or glass substrate. 
The inMS are m.ixed by the ink jet printer at each pixel, 
ir neeaed tc achieve the apprcpriate color. The coicr c: 
eacn cixel is strictly determined by the ratios or tne 
I n u 1 '/ 1 du a 1 r e a , t r e e n and blue inks. T h e " n i c r: n e s s : l 
-ice fluorescent films will be cnosen tc acnieve a 
^ , -^cQ --an i:- at the intended irraaiatic: 



.5 zhen app-iea tne 
. ^ ^ ^ ^ ^ ^ - ^ =1 r ^ a ^ e n ni c:u e 



:red subsrratie. Tnis 
deposited by 
--^'^--r.er 'applied by spray zr. 
;r anv :':ber ::rar-sparen': 
. ^ _ ^ r 1 V e T a - e ri a 1 b a z :r. a '/ c e u s e a as Zr.e anc de i r. a r. 
:;bED. Multiple irganii layers are men depc^sired over 
obe enoire substrate zo Tiake an astive multilayer OLED 
structure. Tne composition and structure of these 
organic multilayers are chosen tc^ match the output or tn^ 
ILEDs to the absorption scectra O' f the chosen red, green 
a n d blue u \' e s , an d are well ^o n o wn to t h(0 s e s < 1 1 1 e d i n t n - 
a >- - f - r ^ 1 ^ a ^ 1 " n c r o r c a n i c 1 1 o h t em. 1 1 1 1 n g ue v i c e s . 

mask IS tnen appl leu and a film of a low wo r runction 
.tod above each oixel defined hy the ink 
^pr lying a bias between the conductive til: 
and the m.etal electrode aives light which stimulates the 
dye region giving red, green and blue emissio^n. The 
brightness at each pixel is controlled by setting the 
current levei at the OhED. The oolor of a given pixel ic 
controlled by the ratii of red to- green t: blue 
fluorescent dyes in the film. 



:lx am.c ■ 



a r r a v o a c k ^ i ^ 



To orint a fluorescent image or pixel array with z 
ink ^et orinter or other ink delivery system, the inks 
are first prepared to match the optimal viscosity ana 
other solution properties of the chosen printer. These 
inks consist of a carrier solvent, roughly 1-10 weight 
matrix material £.na :.::i - 1.15 weight - fluorescent 
eve. The eve is onosen to achieve a desired nue ..red 

teriai is chosen to give a sta 
lyes and prevents aggregation. 

^ d and 



matrix 



- o - :zi 



I J e U A' ^ _ . 



deposit maiviaual red ana :^reen f luorescenc elements :r: 

^'r- ^ ^ _ ^ ^ ^ ^ ^ ~ h e *: h 1 c riT- e s 3 z f ^ h e red and j r e e n 

f 1 u c r e s ^ e r t f 1 1 n. s are n 3 s e n *: e a c ni e e a ^ r a n s p a r e n c r : 

less trar an *:he intended irraaiaticn wavelengtn. A 

la'/er of transparent conducting T.ateriai is tnen applied 

to the entire printed substrate. This co^nductive 

material can be mdium-tm -ixide (deposited by 

scut t er mg tr n tcnduttmg pclyTr.er oapplied by -pray ^:n 

ir otner lar^e area terhni gu e; or any otner transparent 

conductive material th^t may ce used as tne ano;ae in an 



tire suc: 



; c can : 



rate tot' m.a k e an a c 1 1 v e m.u ^ t i ^ ^ y e r n :i u 

ilaoers are ch(zsen to match the output ot th^; 
IBLZls to the acsorrtiO'n spectra of the chosen red and 
green dves, ana are well kncwn to those skilled m tne 
art of fabrication or organic light emitting devices. A 
mask IS then ap^pLiea and a film, of a low work function 
metal is deoosited above each pixel defined by the ink 



et printer. Ap'p lying a 



between the conductive tilm. 



:trode gives light which stimulates tht 



or ^reen em.issiO': 

n the 1 n t e n s 1 1 " / o f tne j r L E o use : 
le briahtness at each pixel is 



lye region giving rea 
IS airectly dependent 
m irradiating it. TI 
controlled by setting the current level at the C;3LED. 
The regions of the s cb s t r a t e that are not covered w 1 1 n 
the red or green flusrescent dye will be open and blue 



lijht from, the T3LE 



;7 - ^ 



be transmitted. Tolor mixing 



. viaua - 



ana 



1 X e ^ s . 



